Introduction
B lood is a physiological fluid that plays an important role in the human body. The most important role considered is to provide a substrate for the transport of oxygen and nutrients to the cells of the body, as well as the transfer of waste material, which can also have important immunological functions. [1] One of the side effects of blood transfusions is the occurrence of immunological reactions in which about 8% of red blood cell (RBC) donors may produce new antibodies after a period of transmission. [2] Overall, >108 million units of blood are donated each years worlldwide which is used for replacing lost blood or for other clinical conditions. There is no reaction between donor and recipient in majority of cases. Hemolytic reactions occur with shock, Department of Biology, Islamic Azad University, Arsanjan Branch, Arsanjan, 1 Department of Immunology, Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran serum of individuals with IgM Class A and B and the predominant antibody in IgG Class O. [8] In the ABO blood group system, some factors, including platelets, express the ABO blood group antigens to a minor extent, which can be both intrinsic to the platelet structure and an acquired structure derived from plasma. Platelet components are usually present in the blood plasma of the donor population. [9, 10] Due to the low plasma volume of platelet packages and the low ABO antigen content in platelets, unlike ABO RBCs, ABO compatibility is not observed in platelet infusion and platelet injection is performed without ABO compatibility. [11, 12] Some patients with blood group A or B who received platelets from group O have developed RBC lysis following platelet administration. [13] The main histocompatibility complex contains the most information for the proper delivery of antigens. In humans, this complex is known as human leukocyte antigens (HLAs), whose Class II function is to bind to alien antigenic fragments and supply them to TCD4+ cells. Class II consists of at least 9 functional genes, some of which include DRB1/3/4/5, DQB1, and DPA1. [14, 15] Polymorphisms are widely found in the antigen-binding domain of these molecules, but in HLA-DR, they are restricted to the DRβ chain (DRB1, DRB3, DRB4, and DRB5 genes) and DRα. Rheumatoid arthritis is one of the best-known examples for understanding the genetic association between HLA-II alleles and autoimmune disorders. [16, 17] One of these alleles is HLA-DRB1*09:01, which is more common in people with RBC alloantibody who produce anti-E. [18] In addition, the HLA-DRB1*15:03, HLA-DRB1*11, and HLA-DRB1*09:01 alleles are associated with alveolarization in patients with thalassemia. As a result, the frequency of the HLA-DRB1*15:03 allele is significantly different among thalassemic patients. [19] Given the importance of anti-blood group antibody titers in the present study, the HLA-DRB1*15:03 and HLA-DRB1*09:01 alleles were used to determine the alleles predisposing to high titration and dangerous antigen-antibody production. Blood group samples were collected from blood donors with O blood group in Bandar Abbas, Southern Iran.
Methods

Sampling
In this cross-sectional, case-control study, between 2018 and 2017, 121 blood donors were enrolled in the Blood Transfusion Center in Bandar Abbas city with O blood type. Blood samples were collected from healthy individuals with ethical considerations and their complete consent. Samples were randomly selected.
Determination of antibody level by titration
Titration was done using two fold serial dilution method in test tubes from 1 to 1024 and continued further if needed. Pooled A1 cells and pooled B cells negative by Direct antiglobulin test (DAT) were used for titration of test serum. The cells were negative for Rh (D) while testing for allo Anti-D. The DAT test was performed on them and then washed to make the supernatant completely transparent. The 2%-5% RBC suspension was prepared by Alsever's solution. After serial dilution, the following procedures were used for each sample according to AABB guidelines:
• Room temperature (RT) incubation method • Tube anti-human globulin or indirect antiglobulin test (IAT) method.
The phenomenon of prozone was important in our study and could have caused errors in our experiment, as reactions at higher serum concentrations appeared to be weaker than higher dilutions which was taken care of by doing further dilutions as needed.
Hemagglutination tests used RT and IAT techniques to measure IgM and IgG, respectively, but IgM and IgG antibodies can, however, cause RBC agglutination at RT and can also activate the complement system at 37°C.
DNA analysis
We used the salting-out method to extract DNA from the collected samples. We investigated the quantity and quality of extracted DNAs using 0.8% agarose gel electrophoresis and NanoDrop device (Thermo Scientific; NanoDrop 2000). Amplification-refractory mutation system-polymerase chain reaction (ARMS-PCR) method was used to evaluate HLA-DRB1*09:01, HLA-DRB1*15:03, and β-actin target genes.
In the present study, DNA was extracted from the collected blood samples using the salting-out method and then extracted. First, it collects blood from the patients in the tubes and lysates the RBCs using a cell lysis solution (sucrose, MgCl2, Tris-HCl, Triton ×100) as well as a centrifuge, and white blood cells were separated from them.
To the resulting precipitate 1000 µL of lysate solution (sodium dodecyl sulfate [SDS], ethylenediaminetetraacetic acid, Tris) was added. The proteins were then digested using proteinase K and precipitated by adding 10% SDS solution and sodium chloride, which were reduced by ethanol 70% aqueous polarity and DNA appeared. Finally, we collected the resulting DNA for subsequent steps. The extracted DNA was examined at a wavelength of 260-280 nm, and the purity of the extracted DNA was between 1.6 and 2, which was desirable for extraction.
Primer
design and analysis of amplification-refractory mutation systempolymerase chain reaction for DRB1 15:03 and DRB1 09:01 alleles In this study, three primer pairs were designed using AlleleID software (Premier Biosoft, California, USA) for the genes of DRB1 09:01, DRB1 15:03, and β-Actin as internal control genes and then for specificity analysis at NCBI Blast Site. The specification of the primers is given in Table 1 .
ARMS-PCR reaction mixture was prepared in a final volume of 20 μL for both alleles. To amplify the HLA-DRB1*09:01 allele PCR program to perform the ARMS-PCR procedure included 5 min of initial denaturation at 95°C, 30 cycles of replication (denaturation of 60 s and 95°C, binding of 90 s and 55°C, and replication at 120 s and 72°C) and the final replication was 7 min and 72°C. Concentrations used for the ARMS-PCR reaction included: each PCR microtube contained 1 μl of each primer (10 pmol/l), 0.5 μl of master mix, and 1 μl of DNA (50 ng), which reached a final volume of 20 μl. PCR program conditions for ARMS-PCR HLA-DRB1*15:03 allele also included 5-min initial denaturation at 95°C, 30 cycles of replication step (denaturation of 60 s and 95°C, binding of 90 s and 55°C, and replication at 2 min and 72°C) and the final replication was 7 min and temperature 72°C. The concentrations used to perform the ARMS-PCR reaction in this allele were similar to those of HLA-DRB1*09:01.
After the PCR reaction, the PCR products were electrophoresed for rs11053646 and rs1050283 polymorphisms for 25 min at 93 V. As can be seen, all bands have good resolution and no extra band or smear [ Figure 1 ].
Statistical analysis
HLA-DRB1*15:03 and HLA-DRB1*09:01 alleles are identified among donor populations as predisposing alleles to the production of high and dangerous titers of the main blood group antigens (anti-A and anti-B). The blood of Bandar Abbas with O blood type was analyzed using Chi-square statistical analysis (χ 2 ) and logistic regression with a 95% confidence interval (SPSS version 16, IBM, USA).
Results
General characteristics of the population under study
In this study, the age of the participants ranged from 18 to 60 years. Their mean age was 35.04 ± 8.02 years.
Furthermore, out of 121 participants, 90 (74.4%) were male and 31 (25.6%) were female.
Anti-A titer and genotype HLA-DRB1*09:01
The findings showed that out of 121 individuals, 84 had HLA-DRB1*09:01 genotype and 37 did not. The Chi-square test results also showed that there was a significant relationship between the presence or absence of HLA-DRB1*09:01 gene and the high or low anti-A titers (P = 0.032). In other words, 20.2% of those with genotype HLA-DRB1*09:01 and 10.8% of those without genotype HLA-DRB1*09:01 had high A titers [ Table 2 ]. Therefore, there is a significant relationship between those with genotype HLA-DRB1*09:01 and those without those with high A titers.
Anti-A titer and genotype HLA-DRB1*15:03
The results showed that out of 121 individuals, 58 had HLA-DRB1*15:03 genotype and 63 did not. The results showed that there was no significant relationship between the presence or absence of HLA-DRB1*15:03 gene and the high or low level of anti-A (P = 0.353). In other words, 20.7% of those with genotype HLA-DRB1*15:03 and 14.3% of those without genotype HLA-DRB1*15:03 had high A titers [ Table 2 ].
Anti-B titer and genotype HLA-DRB1*09:01
Of the 99 individuals with anti-B, 12 had genotype 901 and 87 did not. The results of the Chi-square test (χ 2 ) showed that there was no significant relationship between the presence or absence of HLA-DRB1*09:01 gene and the high or low antibody B titers [ Table 2 ] (P = 0.250). Among those with genotype HLA-DRB1*09:01 and those without genotype HLA-DRB1*09:01, 25% and 12.6%, respectively, had high B titers. Therefore, those with genotype HLA-DRB1*09:01 and those without those with high titers of anti-B are no different.
Anti-B titer and genotype HLA-DRB1*15:03
The results of this titer showed that out of 99 individuals with anti-B, 37 had genotype HLA-DRB1*15:03 and 62 did not. Furthermore, there was no significant relationship between the presence or absence of HLA-DRB1*15:03 gene and the high or low antibody titer (P = 0.292). Among those with genotype HLA-DRB1*15:03 and those without genotype HLA-DRB1*15:03, 18.9% and 11.3%, respectively, had high titers of anti-B [ Table 2 ].
The logistic regression results also show that the HLA-DRB1*09:01 and HLA-DRB1*15:03 genes are influenced by high and low titers because their significance is <0.05. In the corresponding interpretation, for each unit increase in the HLA-DRB1*09:01 gene polymorphism, the odds of high titer over low titer in anti-A despite the HLA-DRB1*15:03 gene being constant is 0.104. However, in the HLA-DRB1*15:03 gene, the chances of high titers are about three times higher.
It was also observed from the results of anti-B that by increasing each unit of the HLA-DRB1*09:01 gene, the odds of high titers were four times higher than those of low titers, which is also true for HLA-DRB1*15:03 gene.
Discussion
Antibodies are one of the immune system factors that provide good conditions for survival and life. Antibodies to the bloodstream may alter some of the immunological conditions that may be incompatible with certain pregnancies or blood transfusions, such as agglutination or hemolytic conditions. In addition to alloimmunization previous contact is the source of antibody production. In many cases, there is a natural (native) antibody that is involved in antibody production. Antibodies also have physiological and homeostasis roles. The abnormal antibody titers in some immunological reactions can be indicated by some genetic factors in the blood group system, including the HLA-DRB1*15:03 and HLA-DRB1*09:01 alleles: Further, alleles can be associated with the production of blood antigens, such as HLA-DRB1*15:03, which is a major risk factor for alloimmunization in patients with multiple blood transfusions such as sickle cell anemia. On the other hand, HLA-DRB1*09:01 is protective against alloantibody formation.
It is noteworthy that recently there have been reports of death of a recipient of blood following ABO incompatible plasma, in that recipients have died during incompatible transfusions. In fact, donor plasma has a hemolytic effect on the recipient's red cells in a blood transfusion containing a high titer of the recipient's anti-RBC antibody. [20] In addition to the importance of high antibody titers in the production of platelet products, it is important that the plasma components of donors with O blood group have antibodies that may damage the RBCs and connective tissues of the recipients. For this reason, donors with blood type O are randomly titrated by age and sex to determine the best source for apheresis products and blood transfusions associated with anemia. There is evidence that HLA typing is associated with an increased response to RBC antigens. [21] [22] [23] Finally, it is reported that the HLA-DRB1-15:03 allele is associated with an increased risk of global RBC allo-immunization. However, some individuals do not develop a vesicular allele despite repeated injections that may express specific genotypes that resist immunization against RBC antigens, [24] for example, individuals with the HLA-DRB1*09:01 genotype. They are resistant to immunization. [19] The present study also found that individuals with genotypes 901 and 1503 were highly correlated with anti-A and anti-B titers, as well as the high chance of a low titer in Anti A in the 1503 gene, which was 0.104. That is, in the 901 gene, the high titer is lower than the low anti-A titer. However, in the high 1503 titers, the gene is about Darvishi et al. showed that there was no association between HLA-DRB1*09:01 and allo-immunization. In addition, the heterozygous combination of HLA DRB1*09:01 with HLA-DRB1*15:03 may cause some autoimmune diseases such as rheumatoid arthritis. [26] Other studies have shown that HLA-DRB1*09:01 is found to be negative in most alloantibody patients [19] and the development of multiple RBC antibodies in association with the HLA-DRB1*15:03 which plays an important role in RBC alloantigen responses. [27] Studies have also shown that HLA-DRB1*15:03 is a major risk factor for allo-immunization in patients with a previous history of blood transfusion and sickle cell anemia. [28] HLA genes are the most polymorphic genes in the genome of all species. The presence of certain specific HLA loci makes a person more resistant or susceptible to certain diseases than others. There are various opinions on the relationship between HLA and disease. The association between HLA alleles and susceptibility or resistance to some infectious diseases such as tuberculosis, malaria, and parasitic diseases such as cutaneous leishmaniasis and schistosomiasis has so far been identified.
Conclusion
In the present study, we investigated the alleles of HLA-DRB1*15:03 and HLA-DRB1*9:01 to determine the predisposing allele of high-titer production and dangerous antibodies to the main blood group antigens (anti-A and anti-B). The results showed that there was a significant relationship between the HLA-DRB1*15:03 and HLA-DRB1*9:01 alleles and the anti-A and anti-B antibodies. It is noteworthy that no similar study has been performed in Iran so far, and this is the first study to investigate the aforementioned alleles in order to determine the predisposing allele to produce high titers of antibodies to blood antigens.
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